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FOREWORD
From the very beginning, metals such as gold, silver, copper, and iron have played a
major role in the development and history of human societies and civilizations.
Metals are dispersed on and in the Earthís crust, and methods for obtaining them
from natural deposits have evolved over time. The distribution of metals is not
uniform, and localized deposits serve as ores for metals, usually found as compounds,
combined with other minerals and inorganic anions. If the concentration of the
desired metal is high enough in the deposit for an economical extraction, then the
ore can be exploited for a short or long period, depending on the state of the art
and technology of mining. Most metals have to be puriÝed or reÝned and then
reduced to the metallic state before use. For example, the production of steel from
iron requires the elimination of impurities present in the rocks, followed by the
addition of other metals to obtain steel with the desired properties, such as hardness
and resistance to corrosion. The science and technology of metals is precisely called
ìmetallurgy.î Our post-modern society is still based on the use of metals, and some
major applications are brieÐy mentioned below:
† Potassium chloride is used as a fertilizer, and potash (K2CO3) is used in making
soft soaps, pottery, and glass. Potassium hydroxide is an electrolyte in alkaline
batteries, and NaOH is the most important base for industry. Soda ash (Na2CO3)
is mainly used to make glass, but is also required to prepare chemicals, paper,
and detergents. NaHCO3 is an additive to control water pH in swimming pools,
as well as to provide the Ýzz and neutralize excess stomach acid in analgesic
drugs.
† Magnesium and calcium are good heat and electricity conductors. Alloyed with
aluminum, Mg produces a strong structural metal. Another use of Mg is in Ýre-
works. Epsom salt (MgSO4) is useful in the tanning of leather and to treat
fabrics. Milk of magnesia (Mg(OH)2) has antacid and laxative properties.
CaCI2 is used to remove moisture from very humid places; CaO is a major
ingredient in Portland cement, and partially dehydrated CaSO4 (gypsum) pro-
duces plaster of Paris.
† Chromium is resistant to corrosion and is excellent as a protective coating over
brass, bronze, and steel. Chromium is also needed to produce alloys such as
stainless steel or nichrome; the latter is often used as the wire heating element
in various devices such as toasters. Compounds of Cr have many practical
xix
applications, such as for pigments production and leather tanning. The main use
of manganese is as an additive to steel and in the preparation of different alloys.
† Iron and its alloys have such physical properties that they have been put to more
uses than any other metal. Nickel is one of our most useful metals; in its pure
state, it resists corrosion, and it is thus frequently layered on iron and steel as
a protective coating by electrolysis. When alloyed with iron or with copper,
Ni makes the metal more ductile and resistant to corrosion and to impact.
† Copper has a very high electrical and thermal conductivity and is thus used in
electrical wiring. It is also resistant to corrosion and thus appropriate to carry hot
and cold water in buildings. Cu does oxidize slowly in air; and when CO2 is also
present, its surface becomes coated with a green Ýlm.
† Zinc provides a protective coating on steel, in a process called galvanizing. It is
also used in various alloys, like brass (Cu and Zn) and bronze (Cu, Sn, and Zn).
Zinc is important in the manufacture of zincñcarbon dry cells and other bat-
teries. Zinc oxide is used in sunscreens and to make quick-setting dental
cements. Zinc sulÝde is suitable to prepare phosphors that glow when submitted
to UV light or high-energy electrons of cathode rays, like the inner surface of
TV picture tubes and the displays of computer monitors. Cadmium is useful
as a protective coating on other metals and for making NiñCd batteries.
† In the past, lead was used for pipes and as an additive to gasoline. Nowadays,
Woodís metal consists of an alloy of Bi, Pb, Sn, and Cd, melting at 708C only,
used to seal the heads of overhead sprinkler systems: A Ýre triggers the system
automatically by melting the alloy. Different lead oxides are also needed in
making pottery glazes and Ýne lead crystal; in corrosion-inhibiting coatings
applied to structural steel; and as the cathode in lead storage batteries.
However, metals not only play an essential role in our daily life, but also are
released into the environment in an uncontrolled way and become contaminants, or
even pollutants. A contaminant is present where it would not normally occur, or at
concentrations above natural background, whereas a pollutant is a contaminant that
cause adverse biological effects to ecosystems and/or human health. In such a
context, green plants play a key role in the availability and mobility of metals.
Plants can remove metals from contaminated soils and water for cleanup purposes.
Several plant species, hyperaccumulating elements like nickel, gold, or thallium,
can be used for phytomining. On the other hand, crops with a reduced capacity to
accumulate toxic metals in edible parts should be valuable to improve food safety.
In contrast, crop plants with an enhanced capacity to accumulate essential minerals
in an easily assimilated form can help to feed the rapidly increasing world population
and improve human health through balanced mineral nutrition. Because many metals
hyperaccumulated by plants are also essential nutrients, food fortiÝcation and phyto-
remediation are thus two sides of the same coin. The different chapters of this book
xx FOREWORD
do address the dual role of trace elements as nutrients and contaminants and review
the consequences for ecosystems and health.
DR. JEAN-PAUL SCHWITZGUE¥BEL
Chairman of COST Action 859
Laboratory for Environmental Biotechnology (LBE)
Swiss Federal Institute of Technology Lausanne (EPFL),
Station 6, CH 1015, Lausanne, Switzerland
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PREFACE
It is a general belief that the fruits and vegetables that our parents ate when they were
growing up were more nutritious and enriched with essential mineral nutrients and
were less contaminated with toxic trace elements than the ones that are being con-
sumed by us currently. A study of the mineral content of fruits and vegetables
grown in Great Britain between 1930 and 1980 has added weight to that belief
with findings of such decreases in nutrient density. The study, conducted by scientists
in Great Britain, found significantly lower levels of calcium, magnesium, copper, and
sodium in vegetables, as well as significantly lower levels of magnesium, iron, copper
and potassium in fruits. Research studies are showing that the reducing nutritional
value and the problem of contamination associated with food quality is increasing
at an alarming rate. The decline in quality of agricultural produce has corresponded
to the period of increased industrialization of our farming systems, where emphasis
has been on cash crop cultivation that demands high doses of agrochemicals—that
is, fertilizers and pesticides.
Several of the trace elements are essential for human as well as animal health.
However, nutritionally important trace elements are deficient in soils in many
regions of the world and the health problems associated with an excess, deficiency,
or uneven distribution of these essential trace elements in soils are now a major
public health issue in many developing countries. Therefore, the development of
“foods and animal feeds” fortified with essential nutrients is now one of the most
attractive research fields globally. In order to achieve this, knowledge of the
traditional forms of agriculture, along with conservation, greater use of native
bio-geo-diversity, and genetic diversity analysis of the cultivable crops, is a must.
A number of trace elements serve as cofactors for various enzymes and in a variety
of metabolic functions. Trace elements accumulated in medicinal plants have the
healing power for numerous ailments and disorders. Trace elements are implicated
in healing function and neurochemical transmission (Zn on synaptic transmission);
Cr and Mn can be correlated with therapeutic properties against diabetic and cardio-
vascular diseases. Certain transition group elements regulate hepatic synthesis of
cholesterol. Nutrinogenomics, pharmacogenomics, and metallomics are now emerging
as new areas of research with challenging tasks ahead.
Soil, sediment, and urban dust, which originate primarily from the Earth’s crust, is
the most pervasive and important factor affecting human health and well-being. Trace
element contamination is a major concern because of toxicity and the threat to human
life and the environment. A variety of elements commonly found in the urban
environment originate technogenically. In an urban environment, exposure of
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human beings to trace elements takes place from multiple sources, namely, water
transported material from surrounding soils and slopes, dry and wet atmospheric
deposition, biological inputs, road surface wear, road paint degradation, vehicle
wear (tyres, body, brake lining, etc.), and vehicular fluid and particulate emissions.
Lead and cadmium are the two elements that are frequently studied in street dust,
but very little attention has been given to other trace elements such as Cr, Cu, Zn,
and Ni, which are frequently encountered in the urban environment.
Street dusts often contain elevated concentrations of a range of toxic elements, and
concerns have been expressed about the consequences for both environmental quality
and human health, especially of young children because of their greater susceptibility
to a given dose of toxin and the likelihood to ingest inadvertently significant quan-
tities of dust. Sediment and dust transported and stored in the urban environment
have the potential to provide considerable loadings of heavy metals to receiving
water and water bodies, particularly with changing environmental conditions. On
land, vegetables and fruits may be contaminated with surficial deposits of dusts.
Environmental and health effects of trace metal contaminants in dust are dependent,
at least initially, on the mobility and availability of the elements, and mobility and
availability is a function of their chemical speciation and partitioning within or on
dust matrices. The identification of the main binding sites and phase associations
of trace metals in soils and sediments help in understanding geochemical processes
and would be helpful to assess the potential for remobilization with changes in
surrounding chemistry (especially pH and Eh). Sophisticated analytical and specia-
tion techniques and synchrotron research are being applied to this field of research
in developed nations.
This book covers both the benefits of trace elements and potential toxicity and
impact of trace elements in the environment in the chosen topics by leaders of the
world in this area.
M. N. V. PRASAD
University of Hyderabad
Hyderabad, India
xxiv PREFACE
ACKNOWLEDGMENTS
I am thankful to Padmasri Professor Seyed Ehtesham Hasnain, Vice-Chancellor,
University of Hyderabad for inspiring me to focus research in the area of health
and nutritional science which gained considerable momentum under his dynamic
leadership. I am grateful to all authors for cogent reviews which culminated in the
present form.
Thanks are due to Anita Lekhwani, Senior Acquisitions Editor, Chemistry and
Biotechnology for laying the foundation for this fascinating subject in 2005.
I wish to place on record my appreciation for Rebekah Amos, Senior Editorial
Assistant; Kellsee Chu, Senior Production Editor at John Wiley and Sons for
superb and skillful technical assistance in production of this work punctually.
Dr K. Jayaram and Mr. H. Lalhruaitluanga helped in the preparation of the Index
and their assistance is greatly appreciated. Last, but not least, I must acknowledge the
excellent cooperation of my wife, Savithri.
xxv
CONTRIBUTORS
S. S. AIDOSSOVA, Botany Department, Biology Faculty, Kazakh National al-Farabi
University, Almaty 050040, Republic of Kazakhstan
AHMET AKSOY, Biology Department, Faculty of Science & Arts, Erciyes University,
38039 Kayseri, Turkey
JOSEP ALLUE¥, Department of Plant Physiology, Bioscience Faculty, Autonomous
University of Barcelona, E-08193 Bellaterra, Spain
DANUTA MARIA ANTOSIEWICZ, Department of Ecotoxicology, Faculty of Biology,
The University of Warsaw, 02-096 Warsaw, Poland
SALAH A. ATTIA-ISMAIL, Desert Research Center, Matareya, 11753 Cairo, Egypt
RAFAEL BORRA¥S AVINò O¥, ABBA Chlorobia S.L., Citriculture Department, School of
Agronomists, Polytechnic University of Valencia, 46022 Valencia, Spain
MANOEL BANDEIRA DE ALBUQUERQUE, Center for Functional Ecology, Department of
Botany, University of Coimbra, 3001-455 Coimbra, Portugal
JUAN BARCELO¥, Department of Plant Physiology, Bioscience Faculty, Autonomous
University of Barcelona, E-08193 Bellaterra, Spain
CARLOS BARATA, Environmental Chemistry Department, IIQAB-CSIC, 08034
Barcelona, Spain
LUCIEN BOVET, Philip Morris International R & D, Philip Morris Products SA, 2000
Neuchaàtel, Switzerland
SIMONA DI GREGORIO, Department of Biology, University of Pisa, 56126 Pisa, Italy
SERGI DI¥EZ, Environmental Geology Department, ICTJA-CSIC, 08028 Barcelona,
Spain; and Environmental Chemistry Department, IIQAB-CSIC, 08034
Barcelona, Spain
PAVEL DLAPA, Department of Soil Science, Faculty of Natural Sciences, Comenius
University, 842 15 Bratislava, Slovak Republic
OTTO FRA® NZLE, Christian-Albrechts-University Kiel, Ecology Centre, Olshausenstr.
40, D-24089 Kiel, Germany
STEFAN FRA® NZLE, International Graduate School (IHI) Zittau, Department of
Environmental High Technology, D-02763 Zittau, Germany
xxvii
HELENA FREITAS, Center for Functional Ecology, Department of Botany, University
of Coimbra, 3001-455 Coimbra, Portugal
MARIA GREGER, Department of Botany, Stockholm University, 106 91 Stockholm,
Sweden
SALIH GUCEL, Centre for Environmental Studies, Near East University, Nicosia,
33010 North Cyprus
BOHDAN JURANI, Department of Soil Science, Faculty of Natural Science, Comenius
University, 842 15 Bratislava, Slovak Republic
MYRIAM KANOUN-BOULE¥, Center for Functional Ecology, Department of Botany,
University of Coimbra, 3001-455 Coimbra, Portugal
EDA KAPLAN, Department of Biology, Istanbul University, 34134 Eminou, Istanbul,
Turkey
FARHAD KHORSANDI, Department of Agronomy, Islamic Azad UniversityóDarab
Branch, Darab, Fars Province, I.R. of Iran
SARITHA V. KURIAKOSE, Department of Plant Sciences, University of Hyderabad,
Hyderabad 500 046, India
KARMA LHENDUP, Faculty of Agriculture, College of Natural Resources, Lobesa, PO
Box Wangduephodrang, Bhutan
HELMUT LIETH, Wipperfu®rther Strasse 147, D-51515 Ku®rten, Germany
MERCE` LLUGANY, Department of Plant Physiology, Bioscience Faculty,
Autonomous University of Barcelona, E-08193 Bellaterra, Spain
JOSE¥ RAFAEL LO¥PEZ-MOYA, ABBA Chlorobia S.L., Citriculture Department, School
of Agronomists, Polytechnic University of Valencia, 46022 Valencia, Spain
ELENA MAESTRI, Division of Genetics and Environmental Biotechnologies,
Department of Environmental Sciences, University of Parma, Parma 43100, Italy
BERND MARKERT, International Graduate School (IHI) Zittau, Department of
Environmental High Technology, D-02763 Zittau, Germany
NELSON MARMIROLI, Division of Genetics and Environmental Biotechnologies,
Department of Environmental Sciences, University of Parma, Parma 43100, Italy
ABDUL R. MEMON, Institute of Genetic Engineering and Biotechnology, 41470
Gebze, Kocaeli, Turkey
CRISTINA NABAIS, Center for Functional Ecology, Department of Botany, University
of Coimbra, 3001-455 Coimbra, Portugal
JUAN PEDRO NAVARRO-AVINò O, ABBA Chlorobia S.L., Citriculture Department,
School of Agronomists, Polytechnic University of Valencia, 46022 Valencia,
Spain; and Department of Agrarian Sciences and of the Natural Environment,
xxviii CONTRIBUTORS
School of Technology and Experimental Sciences, University ìJaume I,î 12071
Castello¥n, Spain
N. NIRUPA, Department of Plant Sciences, University of Hyderabad, Hyderabad
500 046, India
MUNIR OZTURK, Botany Department, Science Faculty, Ege University, 35100
Bornova, Izmir, Turkey
CARLOS PAULO, Earth Sciences Department, Faculty of Sciences and Technology of
the University of Coimbra, 3000-272 Coimbra, Portugal
SONIA PLAZA, Plant Biology, University of Fribourg, 1700 Fribourg, Switzerland
CHARLOTTE POSCHENRIEDER, Department of Plant Physiology, Bioscience Faculty,
Autonomous University of Barcelona, E-08193 Bellaterra, Spain
M. N. V. PRASAD, Department of Plant Sciences, University of Hyderabad,
Hyderabad 500 046, India
JOAò O PRATAS, Earth Sciences Department, Faculty of Sciences and Technology of
the University of Coimbra, 3000-272 Coimbra, Portugal
DEMETRIO RALDU¥A, Laboratory of Environmental Toxicology (UPC), 08220
Terrassa, Spain
K. S. SAGYNDYK, Botany Department, Biology Faculty, Kazakh National al-Farabi
Universiy, Almaty 050040, Republic of Kazakhstan
SERDAL SAKCš ALI, Biology Department, Faculty of Science & Arts, Fatih University,
34500 Hadimkoy, Istanbul, Turkey
ARUN K. SHANKER, Central Research Institute for Dryland Agriculture (CRIDA),
Indian Council of Agricultural Research (ICAR), Santoshnagar, Hyderabad,
500 059, India
IRINA SHTANGEEVA, Chemical Department, St. Petersburg University, St. Petersburg
199034, Russia
SUJATA SINHA, BPS LAB-Centre for Diagnostic Hematology, Sankatmochan,
Varanasi-221005 (UP), India
AGNIESZKA SIRKO, Institute of Biochemistry and Biophysics, Polish Academy of
Sciences, 02-106 Warsaw, Poland
PAWE SOWIN¥SKI, Department of Plant Physiology, Institute of Botany, Faculty of
Biology, University of Warsaw, 02-096 Warsaw, Poland; and Plant
Biochemistry and Physiology Department, Plant Breeding and Acclimatization
Institute, 05-870 Bonie, Radziko¥w, Poland
ROSER TOLRA`, Department of Plant Physiology, Bioscience Faculty, Autonomous
University of Barcelona, E-08193 Bellaterra, Spain
CONTRIBUTORS xxix
SHUHE WEI, Key Laboratory of Terrestrial Ecological Process, Institute of
Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, Peopleís
Republic of China
SIMONE WUENSCHMANN, Fliederweg 17, D-49733 Haren, Germany
FATEMEH ALAEI YAZDI, Department of Agronomy, Yadz Agricultural and Natural
Resources Research Center, Yazd, Yazd Province, I.R. of Iran
YASEMIN YILDIZHAN, Institute of Genetic Engineering and Biotechnology, 41470
Gebze, Kocaeli, Turkey
ERSIN YUCEL, Biology Department, Science Faculty, Anadoulu University, 26470
Eskisehir, Turkey
HARALD ZECHMEISTER, University of Vienna, Faculty of Life Sciences, Department
of Conservation Biology, Vegetation, and Landscape Ecology, A-1090,
Vienna, Austria
QIXING ZHOU, Key Laboratory of Terrestrial Ecological Process, Institute of Applied
Ecology, Chinese Academy of Sciences, Shenyang 110016, Peopleís Republic
of China; and College of Environmental Science and Engineering, Nankai
University, Tianjin 300071, Peopleís Republic of China
xxx CONTRIBUTORS
